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Abstract
Objective: To investigate the nutritional status of North African (NA) immigrant
women in Italy, analysing their body size, adiposity and body image perception in
comparison to Italian natives and NA residents.
Design: The study utilized a cross-sectional design. Anthropometric traits were
directly measured and a few indices were computed as proxy measures of
nutritional status and adiposity. Body image perception was assessed using
silhouette drawings. ANCOVA, adjusted for age, was used to compare
anthropometric traits among different groups of women and the χ2 test to analyse
differences in the prevalence of nutritional status.
Setting: Italy and North Africa (Tunisia, Morocco).
Subjects: A sample of 433 women aged 18–60 years old: NA immigrants (n 105);
Italians (n 100); Tunisians (n 104); Moroccans (n 124).
Results: Overweight/obesity prevalence was very high in immigrants (79·8%).
Immigrants had the highest BMI value, the greatest hip circumference and mid
upper-arm circumference. Their triceps skinfold thickness was signiﬁcantly higher
than that of Italians, but lower than that of NA residents.
Conclusions: NA immigrant women in Italy showed a higher incidence of
overweight compared with Italians and NA residents. All groups showed a
preference for a thinner body in comparison to their actual bodies and the
immigrants are the most dissatisﬁed. Immigrants remain a high-risk group for
obesity. Assessment of their body composition and health risk proﬁle should be
improved by using speciﬁc anthropometric measures that are easy to collect even
in the case of large migration ﬂows.
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Obesity is one of the major causes of morbidity and
mortality related to CVD, diabetes, cancer and many other
chronic diseases(1). Obesity has increased steadily over the
past two decades, mainly affecting low-income commu-
nities and ethnic minorities(1,2).
Immigrants are at particular risk of weight gain and
acculturation in the host country seems to be responsible
for it(3). The probability of being overweight/obese rises
with increasing time of residence in the host country since
longer residence reduces the differences between
immigrants and natives in lifestyle, social norms, health
practices, and health and disease proﬁles(4).
In addition to general obesity, central obesity (evaluated
as waist circumference (WC) or waist-to-hip ratio (WHR))
is a well-established indicator of increased cardiovascular
risk(5). Although limited information is available for
immigrants, they seem to show a higher prevalence of
generalized and central obesity than residents of their
countries of origin(6,7). Furthermore, the prevalence of
generalized and central obesity is higher in immigrants
than in host country natives(7).
The perception of one’s body image has an important
role in the aetiology of obesity since awareness of weight
status is an important factor in weight-loss attempts(8). It is
important to underline that differences in body size
perception may depend on cultural and ethnic character-
istics(9). Ethnic minorities often misperceive their over-
weight/obesity(10). Hence these groups may not be
motivated to improve their diet or increase physical
activity, leading to a higher health risk. This trend, how-
ever, may vary as a result of differences in ethnicity,
gender, age at the time of migration and period of
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residency in the new country(11). Some non-Western
immigrants in Europe have conformed to the body size
ideals of their host culture, which puts them at risk of body
dissatisfaction(12,13).
The aim of the present study was to investigate differ-
ences between North African (NA) immigrant women in
Italy and both NA residents in their countries of origin and
Italian natives in regard to: (i) the prevalence of obesity
and fat distribution (generalized, central and peripheral
fatness); and (ii) body image perception and preferences.
The results could be used to identify the health risks of
immigrants and the possible causes, in order to facilitate
early preventive efforts.
Methods
Participants and study design
A survey of 463 women belonging to four sub-samples
was carried out from June 2013 to January 2015 in Italy
and North Africa: (i) NA immigrants; (ii) Italian natives;
(iii) Moroccan residents; and (iv) Tunisian residents. The
anthropometric survey and assessment of body perception
for NA immigrants and Italian natives were performed in
Bologna and Ferrara (Emilia-Romagna region, northern
Italy) at public health clinics (gynaecological surgeries) or,
for immigrants only, at community centres where they
used to meet. The NA resident women were recruited at
public health or social centres in Tunis (Tunisia) and
Casablanca (Morocco) in accordance with local ethics
regulations.
Ethnic origin was based on the participant’s country of
birth and it was self-reported. Immigrant women born in
NA countries aged 18–60 years and residing in Emilia-
Romagna region (northern Italy) for at least 2 years were
included in the study. They were all ﬁrst-generation
immigrants and their mean duration of living in Italy was
9·2 (SD 6·16) years. Pregnant women and those with
missing information on body image perception were
excluded from the study. Of a sample of 117 immigrant
women, 105 fulﬁlled the selection criteria. The ﬁnal
immigrant sub-sample included 85·7% Moroccans, 7·6%
Tunisians and 6·7% women from other countries
(Algeria, Egypt).
In accordance with the adopted criteria (non-pregnant,
within the age range, no missing information), a sub-
sample of 100 native Italian women (out of 103) was
selected as a control. Of the 138 Moroccan women living
in Morocco and 105 Tunisian women living in Tunisia
surveyed in January and February 2014, 124 Moroccans
and 104 Tunisians met the selection criteria.
All participants gave informed consent and ﬁlled in a
brief questionnaire (available in Italian and Arabic),
including questions about demographic characteristics
(age, marital status, number of pregnancies), migration
status (years since immigration) and educational level.
Interviews were held face-to-face by female interviewers
(in North Africa, ones of the same ethnicity as the inter-
viewees). In Italy the presence of a cultural mediator was
provided when necessary.
At the end of the selection process, the total sample
consisted of 433 women (93%).
Measurements
Anthropometric measurements
Height was measured to the nearest 0·1 cm using an
anthropometer (GPM, Switzerland). Body weight was
measured to the nearest 0·1 kg (light indoor clothing,
without shoes) using a calibrated electronic scale. BMI was
calculated as weight (in kilograms) divided by the square
of height (in metres). This index was used to assess the
weight status of each participant according to WHO cut-off
points(14), classifying women as underweight, normal
weight, overweight and obese. Triceps skinfold thickness
(TSF) was measured to the nearest 0·1 cm on the left
side(15) with a Lange calliper (Beta Technology Inc., USA).
WC and hip circumference (HC) were measured to the
nearest 0·1 cm with a non-stretchable tape: WC was
measured between the lowest rib and the iliac crest and
HC at the widest part of the hip. Mid upper-arm cir-
cumference (MUAC) was measured to the nearest 0·1 cm
with a non-stretchable tape on the left side at the level of
the TSF. Additional information on the anthropometric
measurements was reported previously(16). WHR was
computed as WC/HC. The total upper-arm area (TUA),
upper-arm muscle area (UMA), upper-arm fat area (UFA)
and arm fat index (AFI) were computed from measure-
ments of MUAC and TSF(17).
Body image perception
We used nine silhouette drawings of female ﬁgures of
varying fatness(18) to assess both the perceived and
desired body image.
The discrepancy score FID (feel minus ideal differ-
ence)(19) was calculated by subtracting the ideal from the
perceived silhouette: a score of zero indicates no
discrepancy; a positive score that the perceived ﬁgure is
bigger than the ideal; and a negative score that the
perceived ﬁgure is thinner than the ideal. In the last two
cases, the extent of discrepancy represents the degree of
dissatisfaction in body image perception.
Improper perception of weight status was evaluated by
the new index, FAI (feel status minus actual status
inconsistency)(20). Extending the proposed method to the
schematic ﬁgures with graduated increments between
adjacent sizes developed by Thompson and Gray(18), we
calculated the inconsistency score FAI by subtracting the
conventional code assigned to the actual weight status of
the participant (1=underweight; 2=normal weight;
3= overweight; 4= obese) from the code of her perceived
ﬁgure (1= ﬁgures 1 and 2; 2= ﬁgures 3–5; 3=ﬁgures 6
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and 7; 4= ﬁgures 8 and 9). An FAI score of zero indicates
no inconsistency in weight status perception; a positive
score that weight status is overestimated; and a negative
score that weight status is underestimated.
Statistical analysis
The normality of variables was checked by the Shapiro–
Wilk W test. Triceps skinfold values were logarithmically
transformed (log10-based) before statistical comparisons.
Descriptive statistics were computed for each sub-sample
(mean, standard deviation, frequency). Continuous and
categorical data were analysed using the t test or ANOVA
and the χ2 test, respectively. Then comparisons between
immigrant and native women and comparisons among
immigrant women and women residing in Morocco and
Tunisia were performed by ANCOVA, controlling for age.
The Tukey post hoc test was used among ethnic groups.
Statistical analyses were performed using the statistical
software package ‘Statistica’ for Windows, version 11·0
(StatSoft Italia srl, Padua, Italy). P< 0·05 was considered as
statistically signiﬁcant.
Results
Sample characteristics
The sociodemographic characteristics of the participants,
duration of living in Italy and some elements of their
biological proﬁle (age at menarche, number of pregnan-
cies and children, etc.) are reported in Table 1. The mean
number of children and number of pregnancies of immi-
grants in Italy were three times those of Italian natives and
slightly higher than those of residents in Morocco. They
were also three times higher than those of the Tunisian
residents, who were however signiﬁcantly younger.
Nearly 90% of the NA immigrant women were married
and this value was much higher than in the other
groups (with the lowest percentage in Italian natives).
Their age at menarche was signiﬁcantly higher than in all
the other sub-samples. The educational level of immi-
grants was relatively low compared with Italian natives:
more than half of the immigrant women had attended
primary or junior school or had no education at all,
showing the highest rates of illiteracy also in comparison
to the NA residents. Likewise, the NA immigrants had a
much lower rate of university education than the
Tunisian and Moroccan residents and especially the Italian
natives. Approximately 80% of immigrants were
unemployed (or homemakers) compared with less
than 10% of unemployment in Italians (the lowest
percentage).
Almost all of the NA immigrant women reported that
they were non-smokers, while a third of the Italian sub-
sample consisted of smokers. In the few smokers in the
immigrant sub-sample, there was a later start to smoking
(mean onset age: 21·7 (SD 5·12) years) and a lower average
consumption (mean cigarettes/d: 8·2 (SD 6·09)) compared
with the Italian natives (mean onset age: 19·2 (SD 5·43)
years; mean cigarettes/d: 9·3 (SD 5·43)) and Tunisians
(mean onset age: 19·6 (SD 6·94) years; mean cigarettes/d:
11·1 (SD 10·0)).
The highest prevalence of overweight/obesity was
observed in immigrants (79·8%), followed by Moroccans
(61·3%) and Tunisians (50·5%; Table 1). Italian women
had the lowest prevalence (26·0%). There was also a total
lack of underweight participants among the immigrants,
unlike in the other groups. The differences were statisti-
cally signiﬁcant.
Differences in anthropometric characteristics/
indices and in body image perception
The sub-sample characteristics and results of the ANCOVA
are presented in Tables 2 and 3. Table 2 shows the
anthropometric characteristics of NA immigrants and
Italian natives based on measured data. NA immigrants
differed signiﬁcantly from Italians in all anthropometric
traits and indices except height, showing higher general
(BMI), central (WHR, WC) and peripheral (AFI) fatness.
The immigrant women also had greater weight, BMI, HC
and MUAC than the NA residents (Table 3). By contrast,
there are no signiﬁcant differences in weight and WHR
between immigrants and NA residents. The immigrants
had a more developed TUA, UMA and less percentage fat
in the upper arm (AFI) than the NA residents. Their TSF
was thinner compared with Moroccan women.
Tables 2 and 3 also show the results of the body image
perception assessment. There were no signiﬁcant differ-
ences in perceived ﬁgure among immigrants and Italians
or NA residents. The immigrants would prefer to be sig-
niﬁcantly leaner than the Moroccans. The immigrants had
a signiﬁcantly higher FID value than the Italian natives,
meaning that they were more dissatisﬁed with their body
image. The mean FAI values indicate a tendency to
overestimation of weight in the Italians (positive value),
underestimation in the immigrants and Tunisians (negative
values) and a realistic perception in the Moroccans (zero
value). All these differences among the sub-samples
reached statistical signiﬁcance.
Among overweight/obese participants (Table 4), the
immigrants’ perceived and ideal ﬁgures had the lowest
values, differing signiﬁcantly from the Italian and NA
resident women for ideal ﬁgure. A signiﬁcantly lower FAI
value was observed only for immigrants compared with
Italians, meaning greater underestimation of weight in
immigrants.
Discussion
There is a paucity of data on the nutritional status and body
image perception of immigrant women in Europe, despite
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Table 1 Sociodemographic and biological characteristics and nutritional status (prevalence of BMI categories) by ethnic group: women aged
18–60 years (Italians, n 100; North African (NA) immigrants, n 105; Tunisians, n 104; Moroccans, n 124), Italy and North Africa, June
2013–January 2015
Italians living in
Italy
NA immigrants in
Italy
Tunisians living in
Tunisia
Moroccans living in
Morocco
NA immigrants
v. Italians
NA immigrants
v. NA residents
Mean SD Mean SD Mean SD Mean SD P value* P value†
Age (years) 33·1 12·0 36·3 7·8 28·7 11·5 39·5 13·1 0·023 <0·001
No. of children 0·6 1·0 1·9 1·3 0·6 1·1 1·6 2·0 <0·001 <0·001
No. of pregnancies 0·7 1·3 2·2 1·5 0·8 1·4 1·7 2·2 <0·001 <0·001
Age at menarche (years) 12·2 1·4 13·7 1·5 12·8 1·5 13·2 1·3 <0·001 <0·001
% % % % P value‡ P value‡
Educational level <0·001 <0·001
None 0·0 12·4 2·9 22·1
Primary school 1·0 14·3 11·5 12·3
Junior high school 7·0 28·6 12·5 10·6
High school 27·0 27·6 21·1 10·6
University 65·0 17·1 51·9 44·3
Marital status <0·001 <0·001
Single 69·0 6·7 66·3 41·0
Married 26·0 85·7 30·8 54·1
Divorced 4·0 7·6 1·9 3·3
Widow 1·0 0·0 1·0 1·6
Work status <0·001 <0·001
Paid employment 53·0 19·0 29·7 42·2
Unemployed/homemaker 9·0 78·1 13·9 33·6
Student 38·0 2·1 56·4 24·2
Smoker <0·001 <0·001
Yes 30·0 5·7 17·3 0·8
No 64·0 94·3 77·9 99·2
Ex 6·0 0·0 4·8 0·0
Weight status <0·001 <0·001
Underweight 5·0 0·0 6·9 4·8
Normal weight 69·0 20·2 42·6 33·9
Overweight 16·0 53·8 27·7 38·7
Obese 10·0 26·0 22·8 22·6
*Comparisons performed using the t test.
†Comparisons performed using ANOVA.
‡Comparisons performed using the χ2 test.
Table 2 Anthropometric traits and body image perception characteristics by ethnic group: women aged 18–60 years (Italians, n 100;
North African (NA) immigrants, n 105), Italy, June 2013–January 2015
NA immigrants in Italy Italians living in Italy
Mean SD 95% CI Mean SD 95% CI F (ANCOVA) P value
Anthropometry
Weight (kg) 73·7 13·8 71·0, 76·4 60·9 13·0 58·3, 63·5 41·96 <0·001
Height (cm) 160·9 6·0 158·8, 162·1 161·1 6·0 159·9, 162·3 0·13 0·719
BMI (kg/m2) 28·4 4·8 27·5, 29·4 23·4 4·5 22·5, 24·3 52·99 <0·001
WC (cm) 91·6 10·9 89·5, 93·8 75·7 11·3 73·4, 77·9 99·07 <0·001
HC (cm) 111·2 9·4 109·3, 113·0 100·8 10·5 98·7, 102·9 49·75 <0·001
WHR 0·82 0·06 0·81, 0·83 0·75 0·07 0·74, 0·76 62·57 <0·001
MUAC (cm) 31·8 4·2 31·0, 32·7 26·9 3·9 26·1, 27·7 67·21 <0·001
TSF (mm) 22·6 6·8 21·2, 23·9 16·8 4·8 15·8, 17·7 40·74 <0·001
TUA (cm2) 82·1 22·3 77·7, 86·5 58·7 18·2 55·1, 62·3 59·11 <0·001
UMA (cm2) 49·7 13·7 47·0, 52·4 37·9 10·7 35·8, 40·0 39·89 <0·001
UFA (cm2) 32·5 12·5 30·0, 35·0 20·8 8·9 19·1, 22·6 5·62 <0·001
AFI (%) 39·0 8·2 37·4, 40·6 34·9 6·2 33·6, 36·1 14·34 <0·001
Body image perception
Actual figure 5·9 2·1 5·5, 6·3 5·4 1·7 5·1, 5·8 1·89 0·171
Ideal figure 3·9 1·6 3·6, 4·2 4·1 1·1 3·8, 4·3 0·97 0·326
FID 1·99 2·31 1·54, 2·44 1·37 1·31 1·11, 1·63 4·39 0·037
FAI −0·28 2·61 −0·44, −0·12 0·24 0·57 0·13, 0·35 25·07 <0·001
WC, waist circumference; HC, hip circumference; WHR, waist-to-hip-ratio; MUAC, mid upper-arm circumference; TSF, triceps skinfold thickness; TUA, total
upper-arm area; UMA, upper-arm muscle area; UFA, upper-arm fat area; AFI, arm fat index; FID, feel minus ideal difference; FAI, feel status minus actual status
inconsistency.
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Table 3 Anthropometric traits and body image perception characteristics by ethnic group: women aged 18–60 years (North African (NA) immigrants, n 105; Tunisians, n 104; Moroccans, n 124),
Italy and North Africa, June 2013–January 2015
NA immigrants in Italy (1) Tunisians living in Tunisia (2) Moroccans living in Morocco (3)
Pairwise comparisons
Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI F (ANCOVA) P value (only when F has P< 0·05)
Anthropometry
Weight (kg) 73·7 13·8 71·0, 76·4 67·8 14·8 64·8, 70·7 68·9 13·7 66·5, 71·4 5·26 0·006 1> 2; 1> 3; 2= 3
Height (cm) 160·9 6·0 158·8, 162·1 163·2 7·0 161·9, 164·5 161·9 7·0 160·7, 163·1 1·38 0·253 –
BMI (kg/m2) 28·4 4·8 27·5, 29·4 25·5 5·6 24·4, 26·6 26·4 5·2 25·4, 27·0 8·27 <0·001 1> 2; 1> 3; 2= 3
WC (cm) 91·6 10·9 89·5, 93·8 85·0 13·4 82·3, 87·6 93·4 14·0 90·9, 95·8 1·02 0·363 –
HC (cm) 111·2 9·4 109·3, 113·0 105·1 11·9 102·7, 107·4 109·7 10·2 107·4, 111·5 3·30 0·038 1> 2; 1= 3; 2< 3
WHR 0·82 0·06 0·81, 0·83 0·81 0·07 0·79, 0·82 0·85 0·07 0·84, 0·86 2·47 0·0863 –
MUAC (cm) 31·8 4·2 31·0, 32·7 28·7 4·3 27·9, 29·6 29·7 4·3 30·0, 30·5 11·76 <0·001 1> 2; 1> 3; 2= 3
TSF (mm) 22·6 6·8 21·2, 23·9 22·9 6·3 21·7, 24·2 26·0 7·6 24·6, 27·4 5·24 0·006 1= 2; 1<3; 2< 3
TUA (cm2) 82·1 22·0 77·7, 86·5 67·1 21·0 63·0, 71·3 71·9 20·8 68·2, 75·6 11·04 <0·001 1> 2; 1> 3; 2= 3
UMA (cm2) 49·7 13·7 47·0, 52·4 37·5 10·6 35·4, 39·6 37·5 10·2 35·6, 39·3 39·23 <0·001 1> 2; 1> 3; 2= 3
UFA (cm2) 32·5 12·5 30·0, 35·0 29·6 11·7 27·3, 31·9 34·1 13·2 31·6, 36·5 0·17 0·841 –
AFI (%) 39·0 8·2 37·4, 40·6 43·2 6·8 41·8, 44·5 46·7 8·6 45·1, 48·2 26·22 <0·001 1< 2; 1< 3; 2< 3
Body image perception
Actual figure 5·9 2·1 5·5, 6·3 5·2 2·4 4·7, 5·7 5·9 2·0 5·6, 6·3 0·36 0·697 –
Ideal figure 3·9 1·6 3·6, 4·2 3·8 1·6 3·5, 4·1 4·4 1·4 4·2, 4·7 3·24 0·040 1= 2; 1< 3; 2< 3
FID 1·99 2·31 1·54, 2·44 1·40 2·41 0·93, 1·87 1·50 1·83 1·17, 1·84 2·61 0·075 –
FAI −0·28 2·61 −0·44 , −0·12 −0·10 0·61 −0·22, 0·02 0·01 0·70 −0·12, 0·13 4·14 0·017 1= 2; 1> 3; 2= 3
WC, waist circumference; HC, hip circumference; WHR, waist-to-hip-ratio; MUAC, mid upper-arm circumference; TSF, triceps skinfold thickness; TUA, total upper-arm area; UMA, upper-arm muscle area; UFA, upper-arm
fat area; AFI, arm fat index; FID, feel minus ideal difference; FAI, feel status minus actual status inconsistency.
Table 4 Body image perception characteristics of overweight/obese participants (BMI ≥ 25 kg/m2) by ethnic group: women aged 18–60 years (Italians, n 100; North African (NA) immigrants,
n 105; Tunisians, n 104; Moroccans, n 124), Italy and North Africa, June 2013–January 2015
NA immigrants in Italy Italians living in Italy Tunisians living in Tunisia Moroccans living in Morocco
NA immigrants
v. Italians
NA immigrants
v. NA residents
Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI P value P value
Actual figure 6·4 1·8 6·0, 6·8 7·1 1·3 6·6, 7·7 6·9 1·6 6·4, 7·3 6·9 1·4 6· 6, 7·2 0·473 0·177
Ideal figure 3·9 1·6 3·6, 4·3 4·8 1·4 4·2, 5·3 4·1 1·7 3·6, 4·6 4·6 1·4 4·3, 4·9 0·025 0·048
FID 2·47 2·22 1·99, 2·95 2·38 0·94 2·00, 2·76 2·80 2·16 2·19, 3·41 2·29 1·39 1·96, 2·61 0·888 0·330
FAI −0·35 0·85 −0·53, −0·16 −0·04 0·53 −0·25, 0·17 −0·20 0·64 −0·38, −0·02 −0·15 0·63 −0·29, −0·00 0·070 0·151
FID, feel minus ideal difference; FAI, feel status minus actual status inconsistency.
N
u
tritio
n
al
statu
s
o
f
N
A
im
m
igran
ts
in
Italy
2747
the high rate of migration to this continent. It was estimated
that 3 874 726 non-EU citizens were regularly present in
Italy on 1 January 2014. Morocco and Tunisia are among
the top ten countries with immigrants in Italy(21), with
females representing 44·1% of the Moroccans and 36·5% of
the Tunisians. To our knowledge, the present study, part of
a larger project on NA immigrants, is the ﬁrst carried out in
Italy to compare body size, anthropometric traits and body
image perception of immigrant women from North Africa
with those of women still living in North Africa and women
native to the host country (Italy).
Non-Western immigrants tend to acquire the typical
dietary habits and disease patterns of the host country(22).
Poor health may be a consequence of genetic, biological,
behavioural, environmental and socio-economic determi-
nants(23). To prevent misinterpretation, the present study
compared the immigrant sample not only with the local
population, but also with those in their countries of origin.
Over three-quarters of the immigrant women in the pre-
sent study were above the BMI cut-off for overweight. This
value is very similar to the prevalence of overweight/obesity
recorded in Moroccan immigrant women in the Netherlands
(78%)(24). The groups compared in the present study were
unevenly distributed in terms of education, working status
and smoking habits: NA immigrant and NA resident women
showed a lower level of education and higher unemploy-
ment than Italian women; the percentage of smokers was
low in immigrants and Moroccans, but increased in Tuni-
sians and especially Italians. The mean age of the groups
was also signiﬁcantly different. The high prevalence of
obesity in immigrants with respect to Italian natives could be
due not only to the age difference but also their socio-
economic conditions, diet and genetic characteristics, all of
which should be investigated further.
After adjustment for age differences, the immigrant
women had more generalized (BMI) and central fatness
(WC, WHR) than Italian natives. Anthropometric mea-
surements indicating abdominal adiposity, such as WC
(positively correlated with visceral adipose tissue)(25),
have been identiﬁed as predictors of CVD and diabetes
risk(5,26,27). Based on a WHO report(14), this NA sub-
sample was above the female cut-off for WC, suggesting a
substantially increased risk of metabolic complications
(cut-off for WC, >88 cm). However, its mean WHR was
below the cut-off that indicates increased health risk for
women(28), while its UMA was signiﬁcantly higher than in
Italians, with mean values above the 75th percentile of
standards based on the Third National Health and Nutri-
tion Examination Survey (NHANES III)(17). UFA and AFI
were around the 50th percentile. Weight, BMI and MUAC
were higher and AFI lower than in the other sub-samples
of NA residents.
An original aspect of our study is the additional analysis
of peripheral fatness (upper-arm measurements and indi-
ces) to complete the assessment of weight status among
immigrants: the muscle area of their upper arm was much
greater and the percentage of upper-arm fat much lower
than would be expected from their BMI values. Hence the
overweight/obesity status of these immigrants should not
be based only on BMI: overweight may be only partially
caused by increased adiposity, since an increase of the
muscular component would contribute to the general
weight increase in the immigrant sub-sample. However,
caution is necessary in anthropometric estimates of muscle
area among obese individuals since overestimation of
muscle area seems to increase with the degree
of adiposity(29). The prevalence of obesity is high in the
immigrants and an anthropometric overestimation cannot
be excluded, even though literature reports suggest that
the overestimation is particularly evident in those whose
TSF is above the 85th percentile (considering age and sex).
In our study the sample of NA immigrant women fell well
below this percentile (50th, according to Frisancho(17)).
The greater muscularity of the immigrants with
respect to the NA residents may be linked to a more active
lifestyle in the host country with a probable involvement
in hard manual work activities. Even while stating that they
are unemployed, many of them are probably involved in
irregular work(30). We can also speculate that the women
who migrated from North Africa had a healthier
body build than the women living in North Africa: thus the
sample may be affected by the ‘healthy migrant effect‘(4)
caused by a positive selection bias due to rigorous
pre-migration health checks(31). The same adverse condi-
tions that led them to migrate must have had an
inﬂuence on their growth, biological maturation and
biological characteristics(32). The age at menarche, sig-
niﬁcantly higher in immigrants than in NA residents, shows
an apparently different trend from literature data indicating
precocious puberty in foreign children moving from
developing countries to Europe(33), with a low
median age at menarche in African girls(34) being a posi-
tive response to improved environmental conditions(32).
However, the NA immigrants in our study spent
their childhood and adolescence in their country of origin,
living in low-income, disadvantaged conditions with
possible effects (slowdown) on their growth and
development(35). Further analyses of body composition
parameters and reported physical activity in the
NA immigrant women are in progress. This may help
to clarify the particular ﬁndings highlighted in the
present study.
Although overweight/obesity of women is favourably
considered in NA countries(36), there was no preference
for a large ﬁgure in either the NA immigrants or residents
that we surveyed. Consistent with other studies(37), the NA
immigrants expressed a clear preference for a ‘thin’
body image, in a similar manner to the Italian natives and
NA residents. However, despite the tendency to
underestimate their weight status, they had a greater
dissatisfaction with body image perception than Italians.
A different pattern was found among African-American
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women, who were more satisﬁed with their body even if
they weighed more than Caucasians(38). Unlike Moroccan
immigrant women in the Netherlands(37), the NA immi-
grants in Italy showed no shift in body size preferences
with respect to the NA residents, but only a stronger desire
to be thinner in accordance with Western ideals.
Our study also points out the effectiveness of simple
measures of the upper arm in highlighting the particular
body composition of the immigrants: the proposed mea-
surements are even more valuable because they satisfy the
need to analyse the distribution of fat/muscle without
being disagreeable to these women, who are generally
reluctant to undress for the anthropometric assessment.
Our ﬁndings, conﬁrming the contradictory indications
provided by BMI(39) for the prediction of nutritional status
and health risk, show that it is important to consider these
indicators of fatness and muscularity to avoid mis-
interpretation of weight status when there is particularly
strong muscular development. Arm anthropometry has
already proved to be a more sensitive indicator than BMI
in the case of inadequate nourishment(40), so much so that
MUAC and TSF have been proposed as acceptable ‘gold
standard’ measures of nutritional status(41). Their inde-
pendence of ethnicity is another important requirement
for their application(42).
Therefore, although our study conﬁrms the high pre-
valence of overweight/obesity in NA immigrants in Italy, it
highlights for the ﬁrst time that the high weight values are
not due to a simple increase in fatness.
Since the present research included ﬁrst-generation
immigrants only, systematic monitoring of weight status in
second-generation immigrants is recommended. Indeed
previous studies in the Netherlands demonstrated that
overweight was highly prevalent among Moroccan
women, but a lower prevalence was observed among
second-generation immigrants(43).
The current study has several limitations and strengths.
The signiﬁcant difference in mean age among sub-samples
was passed through the statistical analysis chosen. Reliable
information was not available on the actual work performed
by the immigrant women, because of the persistence in Italy
of irregular work, nor on their income. As already men-
tioned, information on the origin of the immigrants from an
urban or rural environment was not collected during the
interviews. We do not even know if the women examined
in Casablanca and Tunis really belonged to these urban
environments. A larger sample of immigrants representing
different NA countries (Tunisia, at least) would have been
optimal. A strength of the study is that all participants were
directly measured by the same trained anthropometrists,
thus avoiding misreports inherent in self-reported data(44).
Conclusion
To reduce health risks, public intervention programmes
must be established to check the nutritional status of
immigrants by means of appropriate tools such as direct
anthropometric measurements.
Only the assessment of fat distribution and body
composition can assure a correct interpretation of the
experimental data and evaluation of the health risks
according to gender, age and ethnicity.
Therefore, in addition to the assessment of central
fatness, we recommend the upper-arm measurements
used in the current survey as immediate indicators of body
composition. A combination of a few anthropometric
measurements could increase the possibility of effective
assessment of nutritional status and relative disease risk in
order to identify immigrants at high metabolic risk who
require interventions, especially in countries experiencing
emergency immigration conditions.
The ﬁrst-generation NA immigrant women preferred a
thin physique (conﬁrmed to a lesser extent in the NA
residents). Their ideal ﬁgure was even thinner than that of
the Italian natives. These results, if conﬁrmed by other
studies, will reassure us about the effectiveness of weight-
control interventions in the case of excess adiposity.
However, the high level of dissatisfaction of these women
with their body image must be kept under control.
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